Abstract Excitatory amino acid neurotransmission within the amygdala has been implicated in learning associations between external stimuli and intrinsic reward values, such that it may play a key role in conditioned drug effects. In the present studies, the responses of the excitatory amino acids, aspartate and glutamate, together with the neuromodulatory sulphonated amino acid, taurine, within the basolateral amygdala, to an odor cue repeatedly associated with acute ethanol injections (2 g/kg, IP) have been investigated by a microdialysis technique combined with HPLC-EC analysis. After presentation of the ethanol-conditioned stimulus, a single IP saline injection induced an immediate and significant increase in the taurine microdialysate content which could be related to the neuromodulatory action of taurine. Furthermore, when the conditioned stimulus was combined with the ethanol injection (2 g/kg, IP), significant increases in both taurine and glutamate microdialysate content were observed and indicated a learned compensatory response to counteract the acute effects of ethanol. These results demonstrate that changes in amygdala extracellular glutamate and taurine concentrations can be conditioned to ethanol-associated stimuli and are therefore probably implicated in the phenomenon of environmental-dependent tolerance to ethanol.
Introduction
The amygdala is a key component of the limbic system, and is involved in emotion, motivation, learning and memory. However, the precise function or functions of the amygdala remain a matter of debate. The amygdaloid complex receives sensory information from other brain regions, such as visually related areas, olfactory information and taste (Amaral et al. 1992) . Much of the sensory information to the amygdala is directed to the lateral nucleus, which has intrinsic projections to the basal nucleus, accessory basal nucleus, periamygdaloid cortex, nucleus accumbens and other regions (Amaral et al. 1992) . Although the amygdala contains a high level of GABA A / benzodiazepine receptors, such that it is reputed to be a strong candidate for the mediation of anxiolytic effects of benzodiazepine drugs (Niehoff and Kuhar 1983) , the role which the amygdala plays in substance abuse and drug reinforcement remains largely uncharted. However, a great deal of data have implicated the amygdala in learning associations between external stimuli and intrinsic reward values (Gaffan 1992; Rolls 1992) , such that it may play an important role in addiction and particularly in conditioned drug effects.
According to the drug conditioning theory, a stimulus which is repeatedly associated with drugs of abuse may further elicit actions originally induced by the drug administration and is referred to as a conditional stimulus (CS) (Stewart 1992) . Two types of drug conditioned effects have been described (O'Brien et al. 1992) : the drug-like conditioned responses and the drug-opposite conditioned responses.
In the drug-like conditioned responses, the CS, after repeated pairings, can produce by itself comparable effects previously induced by the drug. For example, the environmental cues associated with the pleasurable effects of certain drugs may further elicit positive affects by themselves. This is the principle of the place conditioning studies in which a particular environment is repeatedly paired with the effects of a drug. Subsequently, the experimental animals are tested for their place preference, i.e. that they will spend more time in the environment paired with a drug which possesses rewarding effects (Reid et al. 1985) .
On the other hand, repetitive association of a stimulus with a drug may also produce drug-opposite conditioned responses (O'Brien et al. 1992) . In this case, it is the adaptative response of the organism that becomes conditioned to the CS, which therefore leads to drug-opposite responses. This type of drug conditioned effects was most clearly demonstrated in the phenomenon of "environment-dependent tolerance" in which greatest tolerance to the drug effects was observed in an environment which was repeatedly associated with the drug administration (Siegel 1987; Littleton et al. 1996) . In the absence of drug administration after the presentation of the CS, the conditioned adaptative response induced by the stimulus may contribute to the relapse observed in detoxified drug users by unbalancing the brain toward the opposite direction of the acute drug effects.
Such conditioned drug effects have been demonstrated to a wide range of drugs which include alcohol (Stewart et al. 1984; Newlin 1992; Post et al. 1992) . In particular, the phenomenon of environment-dependent tolerance has been shown to various ethanol effects such as hypothermic, sedative and antinociceptive effects (Mansfield and Cunningham 1980; Le et al. 1987; Siegel 1987; Tiffany et al. 1987) . Although the biochemical mechanisms underlying such ethanol conditioned effects remain unknown, these must be very rapid to oppose ethanol effects almost immediately after administration. Such rapid responses of the brain are most likely caused by alterations in neurotransmitter release. An increased release of the excitatory amino acids aspartate and glutamate could be one of the biochemical mechanisms responsible for the environment-dependent tolerance to ethanol. Indeed, such an increased release would compensate the ethanol depressant effect on brain cells, and more precisely the inhibitory effect of acute ethanol on excitatory amino acid receptors, such as NMDA receptors (Lovinger 1996) . Anatomical and electrophysiological evidence suggests that the basolateral nucleus of the amygdala projects excitatory efferents into both the core and shell regions of the nucleus accumbens neurons. (Kirouac and Ganguly 1995) . Acute ethanol injections (1.0, 2.0 and 3.0 g/kg) induced no significant changes in either of these excitatory amino acids in the nucleus accumbens but did elicit a significant increase in taurine microdialysate content (Dahchour et al. 1994 (Dahchour et al. , 1996 . It was suggested that taurine may play an important physiological role in the adaptation by the brain to ethanol intoxication. Such an increase in extracellular taurine concentration could also be conditioned to ethanol-associated stimuli and thereby prevent some of its adverse effects. There is no doubt that a preventive release of taurine by brain cells would have a beneficial effect for the brain, as taurine is largely known for its role in the restoration of brain homeostasis after different cellular stress (Huxtable 1989 ). Indeed, a previous study demonstrated that taurine supplementation of rats diminished the aversive effects of high 2 g/kg ethanol doses in a place conditioning experiment (Quertemont et al. 1998) .
Therefore, in the present experiment, we have investigated by the in vivo microdialysis technique, the effects of a stimulus repeatedly associated with acute ethanol injections (2.0 g/kg, IP) on the basolateral amygdala extracellular concentration of both the excitatory amino acids, aspartate and glutamate, and the sulphonated amino acid taurine. Conditioning with 2.0 g/kg ethanol was chosen because a rapid environmental-dependent tolerance to the sedative effects of such an ethanol dose develop after as few as eight daily injections (Quertemont et al. 1997 ).
Materials and methods

Animals, conditioning and surgery
Male Wistar rats, 250-300 g, were individually housed in plastic cages and kept in a temperature and light controlled environment (light/darkness cycle: 12-h light/12-h dark cycle) with food and water available ad libitum. During the 2-week period of the experiment, the animals were daily conditioned to associate vinegar odor, approximately 5 ml vinegar impregnated totally into tissue paper and contained within a jar, with an acute intraperitoneal (IP) injection of either 2.0 g/kg body weight ethanol (15% v/v, in 0.9% saline) or equivalent volume of saline (0.9%). Immediately after the IP injection, the jar with vinegar was introduced in the cage of each rat for 20 min to allow the association between the acute effects of ethanol and the vinegar odor. A previous behavioral study (Quertemont et al. 1998) clearly demonstrated that rats easily learned to associate this vinegar stimulus with the acute effects of different ethanol doses. After 4 days of conditioning, surgery was performed under anesthesia, chloral hydrate(400 mg/kg IP). Using standard stereotaxic techniques, a guide cannula (20 gauge stainless steel; Small Parts, Miami, Fla., USA) was implanted 1 mm above the basolateral amygdala (A/P -2.8 mm; M/L 4.9 mm; D/V -7.4 mm; Paxinos and Watson 1982) and secured to the skull with three steel screws and cranioplastic cement. The guide cannula was kept patent with a 26 gauge stainless obturator. Following 48 h of post-operation recovery, another 4 days of conditioning was continued and the brain dialysis experiments were commenced 24 h after the last conditioning procedure.
Brain microdialysis procedure
The dialysis probes were constructed as described by Robinson and Whishaw (1988) . Dialysis tubing extended 2 mm beyond the tip of the probe. The probe was connected to a micro infusion pump (infusion syringe pump 22, Harvard Apparatus), continuously perfused at 1 µl/min with Ringer's solution (189 mM NaCl, 3.9 mM KCl, 1.3 mM CaCl 2 , pH 7.2). Each microdialysis procedure was begun at 10 a.m. Perfusates were collected every 20 min in micro centrifuge tubes connected to the outlet cannula. After a recovery period of 40 min, six consecutive samples were collected every 20 min, the last three microdialysate samples being used for the determination of basal levels before injection. Rats were then injected IP with an equal volume of either saline or 15% (v/v) ethanol (2.0 g/kg body weight) (Merck, Darmstadt, Germany) in 0.9% saline and a jar with vinegar (5 ml vinegar impregnated totally into tissue paper) was placed in the cage immediately after injection and removed 20 min later. Following the injection, dialysate samples were collected every 20 min for 5 h.
Six groups of rats were utilized for the microdialysis experiments (Table 1 ): 1. A control group of rats (n=8) which had been conditioned to associate vinegar odor with IP injections of saline and then injected with saline during microdialysis (control group). 2. Another group (n=8) was conditioned with saline and then injected with ethanol (2 g/kg, IP) during the microdialysis procedure (pseudo-conditioned group). This experimental group assessed the effects of acute ethanol on the microdialysate amino acid content from the basolateral amygdala of rats which had been daily conditioned with another substance, e.g. saline. For these animals, the vinegar cue was never associated with an ethanol injection. 3. Another group (n=9) which had been conditioned with ethanol (2 g/kg, IP) was also administered ethanol (2 g/kg, IP) during the microdialysis experiment (ethanol-cued group). This group assessed the effects of ethanol on the microdialysate amino acid content of rats repeated ethanol-injected in a conditioning paradigm. 4. A fourth group (n=8) was conditioned with ethanol (2 g/kg, IP) and was injected with saline during the microdialysis experiment (conditioned stimulus group). This ethanol-conditioned group was utilized to assess the effect of an ethanol-associated stimulus on the microdialysate amino acid content from the basolateral amygdala of conditioned rats free of ethanol. 5. A fifth group (n=7) was daily conditioned to associate vinegar odor with saline injections but was also daily administered with ethanol (2 g/kg, IP) 8 h apart (unpaired group). During the microdialysis, these rats received a saline injection combined with the vinegar cue. This unpaired control group was matched for prior exposure to ethanol with the ethanol-conditioned experimental groups such that non-associative effects of repeated ethanol exposures can be distinguished from learned conditioning effects. Each of the injections during these microdialysis experiments was combined with the presentation of the vinegar stimulus. 6. A further sixth group of ethanol-conditioned rats (ethanol noncued group) was added to clarify the effects of repeated ethanol injection on amygdala amino acid content. This group (n=8) was daily conditioned with ethanol (2 g/kg, IP) in the presence of the vinegar cue, but during the microdialysis, these rats received ethanol (2 g/kg, IP) but in the absence of the vinegar cue. Omitting the explicit ethanol-conditioned stimulus, i.e. vinegar cue, might be expected to decrease the conditioned responses of the brain but to leave intact the direct effects of the ethanol administration on the amino acid content which could be different after prior exposure to ethanol (eight daily injections) by comparison to naive rats.
Simultaneous determination of the amino acids
The concentration of amino acids was determined using HPLC-EC following precolumn O-phtaldialdehyde (OPA) derivatisation. OPA, 27 mg was dissolved in 1 ml methanol HPLC-grade with 10 µl β-mercaptoethanol (BME) and then diluted with 9 ml of 0.1 M sodium tetraborate buffer, pH 9.3, and stored at 4°C. The working solution was prepared each day, 24 h before use, by diluting 1 ml of the above solution in 3 ml of 0.1 M sodium tetraborate. For the analysis, 20 µl of the extracellular perfusate was pipetted into a glass vial, sealed and placed within the autosampler. The internal standard, LNA, 10 -5 M, 10 µl, was added to each sample immediately prior to derivatisation by the autosampler, left for 2 min, before automatic injection onto the HPLC column. The HPLC system consisted of a LDC Consta Metric 3200 pump delivering 0.75 ml/min. of the mobile phase at a pressure of 4500 psi. Separation of the amino acids was achieved by reversed phase column (100×3.2 mm Biophase-II, ODS 3 µm) and detected coulometrically (ESA, Inc., Bedford, Mass., USA) using three electrodes, a guard (0.4 V), preoxidation (-0.4 V) and working (+0.6 V) electrodes (analytical cell ESA Model 5011). The mobile phase (0.1 M Na 2 HPO 4 ; 0.134 mM ED-TA; 32% methanol, HPLC grade, 68% Millipore H 2 O, pH 6.4) was filtered through 0.2 µm cellulose acetate filter (Gelman Sciences, Ann Arbor, Mich., USA) and degassed under vacuum before use in the HPLC system. The position and height of peaks of the endogenous components were compared with a standard solution prepared from 10 -3 M concentration of amino acids aspartate, glutamate and taurine in a solution of Millipore water and HPLC grade methanol (50:50 V/V) (Donzanti and Yamamoto 1988) . The working solution was prepared each day by diluting 10 -3 -10 -6 M in Ringer's solution and 20 µl samples of this solution were injected and quantified. All reagents were analytic grade and obtained from Sigma Chemical Co. (St Louis, Mo., USA). The heights and areas of the peaks were quantified by PC Integration Pack (Kontron Instruments).
Histology and statistics
Upon completion of experiments, rats were killed and the brain fixed with 10% formalin. Coronal sections through the extent of the cannula tracks were cut (100 µm) with a vibratome (Polaron H 1200, Biorad, Cambridge, Mass., USA) and stained with 0.5% cresyl violet. Dialysis probe placement was localized according to the atlas of Paxinos and Watson (1982) . Of the 50 rats used in the study, six were eliminated from the data analysis due to histological visualization of the microdialysis probe outside the basolateral amygdala and replaced to obtain at least eight rats per group.
For the presentation of the results and the calculation of statistical significances, the mean baseline level for each of the extracellular amino acid in the basolateral amygdala is calculated for each animal by averaging the concentration of the three sample values before injection. The variations in their extracellular concentrations in each perfusate sample are expressed as percentages of baseline level and then analysed by a two-way analysis of variance (ANOVA) (treatment group×time) with repeated measures on one factor followed by the least-significant difference test of multiple comparisons (Fisher test) to determine statistical significance between treatment and control values (GB-STAT, Dynamic Microsystems, Silver Spring, Md., USA).
Results
The mean basal concentration of aspartate, glutamate and taurine was similar in all experimental groups. The mean concentration for each extracellular amino acid assayed in the basolateral amygdala was: 2.48±0.26 µM aspartate, 10.98±1.42 µM glutamate and 22.74±1.15 µM taurine. These values are the mean±SEM of the three samples collected before injections and corrected for in vitro recovery. Table 2 reports the results of two-way ANOVAs which were computed on the percentages of baseline level for aspartate, glutamate and taurine. In ethanol-naive rats (pseudo-conditioned group), there was no change in the glutamate microdialysate content of the basolateral amygdala after an acute 2 g/kg ethanol injection (Fig. 1) . However, when repeated ethanol injections were cued with a vinegar stimulus which had previously been associated with the same ethanol injection (2 g/kg) (ethanol-cued group), a significant increase in glutamate microdialysate content was assayed which continued for 220 min after the injection (Fig. 1) . Furthermore, when the vinegar cue was omitted (ethanol non-cued group), the ethanol injection induced no changes in glutamate microdialysate content in rats which had been previously ethanol-conditioned (Fig. 1) . By comparison, saline injection had no effect on extracellular glutamate concentration in rats naive for ethanol (control group), in rats daily administered with repeated ethanol injections not paired with the vinegar cue (unpaired group) or even when paired with a stimulus which had been repeatedly associated with ethanol injections (conditioned stimulus group; Fig. 2 ).
Aspartate content
There was no effect of ethanol (2 g/kg, IP), saline or the stimulus associated with ethanol injections on aspartate microdialysate content of the basolateral amygdala in any of the five groups.
Taurine content
When the vinegar stimulus was combined with the ethanol administration (2 g/kg, IP), in either the saline-conditioned group or ethanol-conditioned group there was a rapid and comparable increase in taurine microdialysate content, by approximately 100% within 20 min of the injection. Sixty minutes after the ethanol injection, the levels of taurine in the microdialysate were comparable to pre-injection values (Fig. 3) . However when the vinegar cue was omitted, the ethanol-conditioned group showed a much smaller increase in taurine microdialysate content, only 50% increase after a similar ethanol dose (2 g/kg), which rapidly returned to pre-injection values by 40 min (Fig. 3) . and the ethanol non-cued group (black triangles). The percentage change in glutamate microdialysate content by comparison to the initial baseline value was calculated for both the pseudo-conditioned and ethanol-cued groups which received the vinegar cue during the microdialysis experiment and the ethanol non-cued group which did not. However, the vinegar odor had no particular significance for the saline-conditioned rats (pseudo-conditioned group) in contrast to the ethanol-conditioned rats (ethanol-cued group) which had associated the vinegar odor with the ethanol effects. Data are expressed as mean (±SEM) percentage of baseline level which was calculated for each rat by averaging the concentration of the three sample values before injection. *P<0.05, **P<0.01 relative to respective baseline level When a single IP injection of saline was administered in combination with vinegar odor to the group of rats which previously associated the cue with repeated ethanol injections (2 g/kg, IP), the taurine microdialysate content increased by approximately 50%, which was not observed in the rats which associated the cue only with saline (control group; Fig. 4 ), even if they have been daily administered with the same ethanol doses (unpaired group; Fig.  4 ). It was noteworthy that within the former treatment group, six of the nine rats, showed a rise in taurine microdialysate content which was comparable to the group of rats which had been injected with ethanol (2 g/kg, IP). However, since the remaining three rats showed no change in their taurine microdialysate content, the mean increase of taurine for this group was much lower to that induced by an ethanol injection (2 g/kg, IP). Fig. 2 Time course for the percentage change in glutamate content of the microdialysate from the basolateral amygdala before and after a saline injection combined with vinegar odor in three groups of rats, the control group, the conditioned stimulus group and the unpaired group. The percentage change in glutamate microdialysate content by comparison to the initial baseline value was calculated for both the saline-conditioned rats (control group, open squares and unpaired group, open triangles) for which the vinegar odor has no particular significance and in ethanol-conditioned rats (conditioned stimulus group, black squares) which had associated the vinegar odor with the ethanol effects. Data are expressed as mean (±SEM) percentage of baseline level which was calculated for each rat by averaging the concentration of the three sample values before injection Fig. 3 Time course for the percentage change in taurine content of the microdialysate from the basolateral amygdala before and after an IP ethanol (2.0 g/kg, body weight) injection combined with vinegar odor or not in three groups of rats, the pseudo-conditioned group (open circles), the ethanol-cued group (black circles) and the ethanol non-cued group (black triangles). The percentage change in taurine microdialysate content by comparison to the initial baseline value was calculated for both the pseudo-conditioned and ethanol-cued groups which received the vinegar cue during the microdialysis experiment and the ethanol non-cued group which did not. However, the vinegar odor had no particular significance for the saline-conditioned rats (pseudo-conditioned group) in contrast to the ethanol-conditioned rats (ethanol-cued group) which had associated the vinegar odor with the ethanol effects. Data are expressed as mean (±SEM) percentage of baseline level which was calculated for each rat by averaging the concentration of the three sample values before injection. °P<0.05, °°P<0.01 relative to respective baseline level for the pseudo-conditioned group (open circles). **P<0.01 relative to respective baseline level for the ethanol-cued group (black circles). †P<0.05 relative to respective baseline level for the ethanol non-cued group (black triangles)
Discussion
Currently there are few techniques available which are able to estimate the release of neurotransmitters directly after a drug-conditioned stimulus. The technique of microdialysis combined with HPLC-EC analysis is able to quantitate a wide range of neurotransmitters from different brain regions both before and after the presentation of the stimuli. Furthermore, the rats are freely moving, such that the results represent an accurate picture of neurotransmitter changes occurring in the brain.
In these present studies, the effect of conditioning with ethanol combined with a cue, vinegar odor, on the levels of specific brain amino acids, glutamate, aspartate and taurine in the amygdala has been studied, and clearly identified that when the cue was presented together with an acute injection of ethanol, 2 g/kg, to rats which had been conditioned with ethanol, a significant increase in glutamate was assayed. By comparison, taurine increased, both in rats which received the acute ethanol challenge, with or without the cue and also in rats which had been conditioned with ethanol but then received saline combined with the cue. The release of aspartate from the amygdala was unaltered in any of the treatment groups.
Previous studies have mainly focused on the release of dopamine after conditioning of the rats with various excitatory drugs. In one study (Dietze and Kuschinsky 1994) , after conditioning with amphetamine for 7 days, the CS induced increases in the extracellular dopamine content in the rats conditioned with the drug but not in the rats which were pseudo-conditioned. However, no other neurotransmitters were assayed in this experiment.
Acute ethanol injection, 2 g/kg to either naive rats (Carboni et al. 1993; Dahchour et al. 1994; Selim and Bradberry 1996) or rats receiving two injections per day for 8 days (Dahchour et al. 1996) , does not significantly increase glutamate extracellular content. Such results were confirmed in this present study in the two groups of rats which received an acute dose of ethanol during the microdialysis experiments. However, a significant glutamate increase was assayed when the ethanol-conditioned cue was combined with ethanol injection, but not when the ethanol-conditioned cue was given with saline injection or when ethanol was injected without the ethanol cue. This latter result excludes the possibility that the change in glutamate content was simply caused by alcohol sensitization after repeated exposures. This increase in glutamate would indicate a compensatory response by the amygdala to oppose the inhibitory effects of the acute ethanol dose of 2 g/kg, which stimulates GABAergic (Ollat et al. 1988; Nevo and Hamon 1995) and inhibits glutamatergic (Nie et al. 1994; Nevo and Hamon 1995) neurotransmissions. However, as demonstrated by the conditioned stimulus group (Fig. 2) , the ethanol-conditioned stimulus alone without ethanol administration was insufficient to induce an increase in the glutamate microdialysate content from the amygdala of ethanolconditioned rats. Indeed, drug effects are typically signaled by compound stimuli which are constituted by the multiple cues that accompany drug administration (Siegel 1989) , in addition to the explicitly drug-paired stimulus, such as the vinegar cue in the present experiments. For example handling the animal or injecting it with a hypodermic needle, i.e. the injection ritual, provide cues for the drug effects. Furthermore, the early interoceptive effects of the drugs inevitably signal its later effects such that the drug alone can serve as a cue for itself (Siegel 1989) . It has also been shown that the absence of a part of these multiple cues decreased the probability of observing the conditioned response (Siegel 1989 ).
76 Fig. 4 Time course for the percentage change in taurine content of the microdialysate from the basolateral amygdala before and after a saline injection combined with vinegar odor in three groups of rats, the control group, the conditioned stimulus group and the unpaired group. The percentage change in taurine microdialysate content by comparison to the initial baseline value was calculated for both the saline-conditioned rats (control group, open squares and unpaired group, open triangles) for which the vinegar odor has no particular significance and in ethanol-conditioned rats (conditioned stimulus group, black squares) which had associated the vinegar odor with the ethanol effects. Data are expressed as mean (±SEM) percentage of baseline level which was calculated for each rat by averaging the concentration of the three sample values before injection. *P<0.05 relative to respective baseline level
In the present experiment, there is no doubt that the early peripheral effects of ethanol signal its later central effects to a similar extent as the explicitly associated vinegar cue. This could explain why both the animals of the conditioned stimulus which were confronted by the ethanol-conditioned vinegar stimulus but without ethanol injection (Fig. 2) , and those of the ethanol non-cued group which were ethanol administered in the absence of the vinegar cue (Fig. 1) , failed to show an increase in their glutamate microdialysate content in contrast to the rats of the ethanol-cued group (Fig. 1) .
The neuromodulator taurine increased extracellularly in the amygdala when the ethanol-conditioned cue was combined with either an acute ethanol or saline injection. Such an increase in taurine microdialysate content may indicate its release from brain cells in an attempt to regulate both ionic and osmotic changes which occur after ethanol administration (Dahchour et al. 1996) or a modulatory action on other neurotransmitters which may be released, such as dopamine (Huxtable 1989) . Indeed, 2 g/kg ethanol injections, with or without stimulus, induced variable increases in extracellular taurine concentration in all of the groups. Our previous microdialysis studies of the nucleus accumbens (Dahchour et al. 1994 (Dahchour et al. , 1996 showed a dose-dependent increase in extracellular taurine after 1, 2 or 3 g/kg acute ethanol injection. However, tolerance to the ethanol-induced taurine release was observed in the present study; after daily ethanol injections, a diminution of approximately 50% was observed, but only when the ethanol-conditioned stimulus was omitted (Fig. 3) . This tolerance may be explained by a multitude of factors which include cellular tolerance to ethanol-induced ionic and osmotic changes and an increased synthesis of alcohol dehydrogenase enzymes in the liver which will increase blood ethanol clearance with lower ethanol brain levels to stimulate the various voltage controlled ion channels.
Several biological roles have been proposed for the sulphonated amino acid taurine in the brain (Huxtable 1989 ). An osmoregulatory role for taurine has been suggested both in vitro from observations of stimulated taurine efflux after conditions that lead to swelling of brain cells Oja and Saransaari 1994; Pasantes-Morales et al. 1994 ) and in vivo from increases in taurine microdialysate content after the administration of agents which induce osmolarity changes within the cells such as water intoxication (Wade et al. 1988) , glutamate analogues (Menendez et al. 1989 (Menendez et al. , 1990 or ethanol (Dahchour et al. 1996) . Membrane depolarization also induces taurine release from brain cells (Oja and Saransaari 1992) , probably secondarily to changes in ionic conductance which accompany depolarization (Huxtable 1989) .
Furthermore, the conditioned stimulus group (Fig. 4 ) demonstrated that this increase in taurine microdialysate content may also be conditioned to a stimulus previously associated with repeated ethanol injections. This increase in taurine microdialysate content cannot be attributed to non-associative effects of repeated ethanol injections, since the unpaired group which had received the same number of ethanol injections showed no increase in taurine release after a saline injection combined with the vinegar cue. It may rather be postulated that taurine is released by brain cells in anticipation of either some cellular ionic or osmotic adverse effects of ethanol or as a result of other neurotransmitters being released. A previous study had indeed shown that taurine supplementation of rats decreased the aversive effects of high 2 g/kg ethanol doses in a place conditioning experiment (Quertemont et al. 1998) .
When rats were injected with 2 g/kg ethanol together with the ethanol-conditioned vinegar stimulus (ethanolcued group, Fig. 3 ), this conditioned release could summate with the ethanol-induced release of taurine such that the observed increase of taurine was of comparable intensity to those in the pseudo-conditioned group which received an ethanol injection for the first time (Fig. 3) .
In summary, the present study shows that an ethanolconditioned stimulus induces changes in both extracellular taurine and glutamate concentration, which could indicate a compensatory response by the amygdala to counteract the acute effects of ethanol. However, part of the conditioned response, i.e. the increase in extracellular glutamate concentration, requires that ethanol had already been really injected, since ethanol provides interoceptive cues which participate in the complex compound stimulus announcing its later central effects. It appears probable that these conditioned responses by extracellular glutamate and taurine concentrations may participate in the environmental cues-induced conditioned cravings for ethanol which are thought to be related to the frequent relapse in detoxified alcoholics. Further studies are clearly required to clarify the important roles of other brain amino acids together with dopamine and serotonin in this environmental cue-induced ethanol response.
